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Abstract: Recommendations are made regarding oil tests and evaluation procedures; references are made 
to methods of reconditioning and reclaiming conventional petroleum (mineral) dielectric oils; the levels at 
which these methods become necessary; and the routines for restoring oxidation resistance, where required, 
by the addition of oxidation inhibitors. The intent is to assist the power equipment operator in evaluating 
the serviceability of oil received in equipment, oil as received from the supplier for filling new equipment 
at the installation site, and oil as processed into such equipment; and to assist the operator in maintaining 
his oil in serviceable condition. The mineral oil covered is used in transformers, reactors, circuit breakers, 
load tap changers, and voltage regulators. 
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IEEE Standards documents are developed within the Technical Committees of the IEEE Societies and 
the Standards Coordinating Committees of the IEEE Standards Board. Members of the committees serve 
voluntarily and without compensation. They are not necessarily members of the Institute. The standards 
developed within IEEE represent a consensus of the broad expertise on the subject within the Institute as 
well as those activities outside of IEEE that have expressed an interest in participating in the development 
of the standard. 


Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply that 
there are no other ways to produce, test, measure, purchase, market, or provide other goods and services 
related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the time a standard is 
approved and issued is subject to change brought about through developments in the state of the art and 
comments received from users of the standard. Every IEEE Standard is subjected to review at least every 
five years for revision or reaffirmation. When a document is more than five years old and has not been 
reaffirmed, it is reasonable to conclude that its contents, although still of some value, do not wholly reflect 
the present state of the art. Users are cautioned to check to determine that they have the latest edition of 
any IEEE Standard. 


Comments for revision of IEEE Standards are welcome from any interested party, regardless of 
membership affiliation with IEEE. Suggestions for changes in documents should be in the form of a 
proposed change of text, together with appropriate supporting comments. 
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consensus of all concerned interests, it is important to ensure that any interpretation has also received the 
concurrence of a balance of interests. For this reason IEEE and the members of its technical committees 
are not able to provide an instant response to interpretation requests except in those cases where the matter 
has previously received formal consideration. 


Comments on standards and request for interpretations should be addressed to: 


Secretary, IEEE Standards Board 
445 Hoes Lane, 

P.O. Box 1331 

Piscataway, NJ 08855-1331 
USA 
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Electronics Engineers without regard to whether their adoption may involve 


patents on articles, materials, or processes. Such adoption does not assume any 
liability to any patent owner, nor does it assume any obligation whatever to 
parties adopting the standards documents. 
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Introduction 


(This introduction is not part of IEEE C57.106-2000, IEEE Guide for Acceptance and Maintenance of Insulating Oil in Equipment.) 


This guide was prepared by the Insulating Fluids Subcommittee of the Transformers Committee of the 
IEEE Power Engineering Society. At the time this guide was completed, the working group had the 
following membership: 


J.J. Kelly, Chair 
S.J. MeNelly, Technical Editor 


P. Balma J. G. Lackey T. V. Oommen 

F. J. Gryszkiewicz M. Y. Lau C. T. Raymond 
T. J. Haupert R. Ladroga G .J. Reitter 

F. Heinrichs T. Lundquist J. E. Smith 

M. E. Horning P. McShane J. A. Thompson 
F. Jakob H. R. Moore T. .P. Traub 

E. Kallaur 


The following persons were members of the balloting group that approved this document for submission to 
the IEEE Standards Board as a trial-use recommended practice; 
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The Accredited Standards Committee on Transformers, Regulators, and Reactors, C57, that reviewed 
and approved this document, had the following members at the time of approval: 
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When the IEEE Standards Board approved this standard on __, 20xx, it had the following 
membership: 
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Draft: Guide for Acceptance and Maintenance of 
Insulating Oil in Equipment 


1. Overview 


The reliable performance of oil in insulation systems depends upon basic characteristics of the oil that can 
affect overall apparatus characteristics. These oil characteristics are integral parts of the equipment design 
of the manufacturer. Certain properties of mineral insulating oil have been determined as important for 
proper electrical equipment performance. Description of these properties and their recommended value 
ranges for new oil and for continued use of service aged oils are included in this guide. 


Mineral insulating oil that is received in electrical equipment will exhibit different characteristics from new 
oil received in bulk, which has not been in contact with apparatus construction materials. 


Oil in service may contain dissolved gases that are useful in assessing the continued serviceability of 
certain types of transformers. It is not the intent of this guide to cover this subject, as that information is 
available in IEEE C57.104-1991, IEEE Guide for the Interpretation of Gases Generated in Oil-Immersed 
Transformers. 


This guide reflects the current state of the art and may differ from information contained in IEEE Std 62- 
1995, which was authored by the PSIM Committee. 


Should instructions or product standards given by the manufacturer differ from recommendations made in 
this guide, the instructions of the manufacturer are to be given preference. 


1.1 Scope 


This guide applies to mineral oil used in transformers, load tap changers, voltage regulators, reactors, and 
circuit breakers. The guide discusses the following: 


a) Analytical tests and their significance for the evaluation of mineral insulating oil. 

b) The evaluation of new, unused mineral insulating oil before and after filling into equipment. 

c) Methods of handling and storage of mineral insulating oil. 

d) The evaluation of service-aged mineral insulating oil. 

e) Health and environmental care procedures for mineral insulating oil. 
The characteristics of the oils discussed in this guide do not include oil that is in factory fill lines, nor does 
this guide cover reclaimed oil installed in new equipment. The qualities of such oil, if used, should be 
agreed upon by the manufacturer and the user of the equipment. 
1.2. Purpose 
The purpose of this guide is to assist the user of the equipment in evaluating the serviceability of new, 
unused oil being received in equipment; oil as received for filling new equipment at the installation site; 


and oil as processed into equipment. It also assists the operator in maintaining the oil in serviceable 
condition. 
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2. References 


This guide shall be used in conjunction with the following publications. When the following standards are 
superseded by an approved revision, the revision shall apply. 


ASTM D88-94, Standard Test Method for Saybolt Viscosity! 
ASTM D92-98a, Standard Test Method for Flash and Fire Points by Cleveland Open Cup 
ASTM D97-96a, Standard Test Method for Pour Point of Petroleum Products 


ASTM D445-97, Standard Test Method for Kinematic Viscosity of Transparent and Opaque Liquids (the 
calculation of Dynamic Viscosity) 


ASTM Dé611-82 (1998), Standard Test Methods for Aniline Point and Mixed Aniline Point of Petroleum 
Products and Hydrocarbon Solvents 


ASTM D664-95, Standard Test Method for Acid Number of Petroleum Products by Potentiometric 
Titration 


ASTM D877-87 (1995), Standard Test Method for Dielectric Breakdown Voltage of Insulating Liquids 
Using Disk Electrodes 


ASTM D923-97, Standard Practices for Sampling Electrical Insulating Liquids 


ASTM D924-92, Standard Test Method for Dissipation Factor (or Power Factor) and Relative Permittivity 
(Dielectric Constant) of Electrical Insulating Liquids 


ASTM D971-99a, Standard Test Method for Interfacial Tension of Oil Against Water by the Ring Method 
ASTM D974-97, Standard Test Method for Acid and Base Number by Color-Indicator Titration 
ASTM D1275-96a, Standard Test Method for Corrosive Sulfur in Electrical Insulating Oils 


ASTM D1298-85 (1990), Standard Test Method for Density, Relative Density, and Gravity of Crude 
Petroleum 


ASTM DI1500-98, Standard Test Method for ASTM Color of Petroleum Products (ASTM Color Scale) 


ASTM D1524-94 (1999), Standard Test Method for Visual Examination of Used Electrical Insulating Oils 
of Petroleum Origin in the Field 


ASTM D1533-96, Standard Test Methods for Water in Insulating Liquids (Karl Fischer Reaction Method) 


ASTM DI1816-97, Standard Test Method for Dielectric Breakdown Voltage of Insulating Oils of Petroleum 
Origin Using VDE Electrodes 


ASTM D2112-95, Standard Test Method for Oxidation Stability of Inhibited Mineral Insulating Oil by 
Rotating Bomb 


' ASTM publications are available from ASTM, Customer Service Department, 100 Barr Harbor Drive West Conshohocken, PA 
19428 19103, USA. 
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ASTM D2I161-93 (1999), Standard Practice for Conversion of Kinematic Viscosity to Saybolt Universal 
Viscosity or to Saybolt Furol Viscosity 


ASTM D2285-99, Standard Test Method for Interfacial Tension of Electrical Insulating Oils of Petroleum 
Origin Against Water by the Drop-Weight Method 


ASTM D2300-98, Standard Test Method for Gassing of Insulating Oils Under Electrical Stress and 
Ionization (Modified Pirelli Method) 


ASTM D2440-99, Standard Test Method for Oxidation Stability of Mineral Insulating Oil 


ASTM D2668-96, Standard Test Method for 2, 6-Ditertiary-Butyl Para Cresol and 2, 6-Ditertiary-Butyl 
Phenol in Electrical Insulating Oil by Infrared Absorption 


ASTM D2945-90 (1998), Standard Test Method for Gas Content of Insulating Oils 


ASTM D3284-99, Standard Test Method for Combustible Gases in the Gas Space of Electrical Apparatus 
Using Portable Meters 


ASTM D3300-94, Standard Test Method for Dielectric Breakdown Voltage of Insulating Oils of 
Petroleum Origin Under Impulse Conditions 


ASTM D3487-00, Standard Specification for Mineral Insulating Oil Used in Electrical Apparatus 


ASTM D3612-96, Standard Test Method for Analysis of Gases Dissolved in Electrical Insulating Oil by 
Gas Chromatography 


ASTM D3613-98, Standard Practice for Sampling Insulating Fluids for Gas Analysis and Determination of 
Water Content 


ASTM D4059-96, Standard Test Method for Analysis of Polychlorinated Biphenyls in Insulating Liquids 
by Gas Chromatography 


ASTM D4768-96, Standard Test Method for Analysis of 2,6-Ditertiary-Butyl Para-Cresol and 2,6- 
Dietertiary-Butyl Phenol in Insulating Liquids by Gas Chromatography 


ASTM D5837-95, Standard Test Method for Furanic Compounds in Electrical Insulating Liquids by High- 
Performance Liquid Chromatography (HPLC) 


IEEE Std 637-1985 (1992), IEEE Guide for the Reclamation of Insulating Oil and Criteria for its Use 
(ANSI)? 


IEEE Std 62-1995, IEEE Guide for Diagnostic Field Testing of Electric Power Apparatus — Part 1: Oil 
Filled Power Transformers, Regulators, and Reactors 


IEEE Std 980-1994, IEEE Guide for Containment and Control of Oil Spills in Substations (ANSI) 


IEEE Std C37.010-1979 (1988), IEEE Application Guide for AC High-Voltage Circuit Breakers Rated on 
a Symmetrical Current Basis 


IEEE Std C57.93-1995, IEEE Guide for Installation of Liquid-Immersed Power Transformers 


° IEEE publications are available from the Institute of Electrical and Electronics Engineers, Service Center, 445 Hoes Lane, P.O. Box 
1331, Piscataway, NJ 08855-1331, USA. 
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IEEE Std C57.104-1991, IEEE Guide for the Interpretation of Gases Generated in Oil-Immersed 
Transformers 


IEEE Std C57.121-1998, IEEE Guide for Acceptance and Maintenance of Less-Flammable Hydrocarbon 
Fluid in Transformers 


IEEE Std C57.131-1995, IEEE Standard Requirements for Load Tap Changers 


Title 40 Code of Federal Regulations Part 112.7, Guidelines for the Preparation and Implementation of a 
Spill Prevention Control and Counter Measure Plan* 


Title 40 Code of Federal Regulations Part 761, Polychlorinated Biphenyls (PCBs) Manufacturing, 
Processing, Distribution in Commerce, and Use Prohibitions 


Title 40 Code of Federal Regulations Part 110, Discharge of Oil 


3. Definitions 
The various tests conducted on the insulating oil are defined and described in Clause 5. 


3.1 Reclamation of oil. The restoration of usefulness by the removal of contaminants and products of 
degradation such as polar, acidic, or colloidal materials from used electrical insulating liquids by chemical 
or adsorbent means such as Fuller’s earth. 


3.2 Reconditioning of oil. The removal of insoluble contaminants, moisture, and dissolved gases from 
used, electrical insulating liquids by mechanical means, such as vacuum processing or filtering. 


4. Evaluation of Mineral Insulating Oil 
4.1 General 


This guide uses several different terms to identify insulating oil of a petroleum origin, for example, as 
defined in ASTM Specification D3487-00. The terms mineral insulating oil, liquid, and dielectric fluid are 
all equivalent to insulating oil in the context of this guide. 


4.2 New Oil Properties 


New mineral insulating oils as delivered must conform to the property requirements listed in ASTM 
D3487-00 (see the latest revision of this standard). 


Newly supplied oils have many characteristics related to their chemical and molecular structure that are 
directly measured by test methods such as viscosity, flash and fire points, pour point, aniline point, relative 
density (specific gravity), oxidation stability, gassing tendency, and dielectric strength. 


Many characteristics not necessarily related to the functional performance of mineral insulating oils are 
evaluated because of their sensitivity to the presence of harmful contaminants. The following 
characteristics are sensitive to contamination in the oil: interfacial tension, dissipation factor (power 
factor), dielectric breakdown voltage, color, water content, and neutralization number (acidity). 


3 Available from the U.S. Government Printing Office, Superintendent of Documents, Mail Stop SSOP, Washington, DC 20402 
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4.2.1 |New Oil Properties — As Supplied. 


New mineral insulating oils as supplied must have properties so that new oils meet the standard 
specification of ASTM D3487-00 and Clause 5 of this guide when received, prior to any processing. 


4.2.2 Test Limits: New Oil Properties—As Received From the Supplier. 


When mineral insulating oil specified to conform to ASTM D3487-00 is received, it should be tested to 
verify conformance with ASTM D3487. Testing of the oil for full conformance of all property 
requirements of ASTM D3487-00 is only justified under circumstances determined by the purchaser. As a 
minimum, it is recommended that the purchaser require the supplier to provide a certified set of tests for 
the oil that demonstrate the oil, as shipped, met or exceeded the property requirements of ASTM D3487- 
00. For those circumstances where a full set of tests according to ASTM D3487-00 are not justified, it is 
recommended that at a minimum the tests shown in Table 1 of this guide be considered. The purchaser of 
the oil should conduct tests sufficient to satisfy concerns regarding conditions of shipment that might result 
in non-conformance to ASTM D3487-00 property requirements. Table 1 lists several of the more 
important tests with values that should help in the decision regarding acceptance of the new mineral 
insulating oil. 


Insulating oil is ordinarily shipped in three types of containers: drums or totes, tank trailers, and rail cars. 
Rail cars are usually under the control of the supplier and dedicated to insulating oil shipment, so they tend 
to be the cleanest. Highway trailers are used to transport many different chemical products as well as 
insulating oil; these trailers are therefore subject to chemical contamination. Special cleaning and drying 
procedures may be necessary. If problems are encountered, check the history of the shipping containers to 
see that they have been cared for properly. It is recommended that the purchaser require the delivery of oil 
in containers that are properly cleaned to guarantee delivery of oil conforming to ASTM D3487-00. 


Drums and totes are the least desirable method of insulating oil transport but may be necessary for small 
purchases. Drums and totes should be stored under cover to prevent contamination by moisture. Before 
processing, it is necessary to check the quality of the oil in each drum or tote or after blending the oil in a 
large tank. Each tank load or each shipping unit of oil as received at the customer’s site should undergo a 
check test to determine that the electrical characteristics have not been impaired during transit or storage. 
Table 1 contains a list of recommended acceptance tests for shipments of mineral insulating oil as received 
from the supplier. Some users may not wish to perform all these tests; however, as a minimum, dielectric 
strength and dissipation factor (power factor) as listed in Table 1 should be performed. It is satisfactory to 
accept oils that exhibit characteristics other than those described by the values in Table 1, providing that 
the users and the suppliers are in agreement. 


4.3 New Oil Properties — Oil Received in New Equipment Rated Less Than 230 kV 


Mineral insulating oil that has been shipped in new equipment from the manufacturing plant may be 
evaluated by obtaining a sample from the equipment at the job site. Note that the new oil characteristics 
will have changed. The oil may have been filtered and dried at the factory. The more sensitive dielectric 
breakdown test, ASTM DI1816-97, is a recommended test. Properties, such as Interfacial Tension (IFT), 
Dielectric Strength and Dissipation Factor, which are sensitive to certain dissolved or particulate 
contaminants, will reflect the exposure to normal equipment construction materials. Recommended test 
limits for mineral insulating oil received in new equipment rated less than 230 kV prior to energization are 
given in Table 2. This Table allows for change due to oil contacting transformer materials. 
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Table 1 - Test Limits for Shipments of New Mineral Insulating Oil as Received from the 
Supplier 


Dielectric Strength *, 
ASTM D1816-97, 
kV minimum, 
1 mm gap’: 
2 mm gap?: 


Dissipation Factor (power factor), 
ASTM D924-92 

25 °C, % maximum: 

100 °C, % maximum: 


Interfacial Tension, 
ASTM D971-99, 
mN/m minimum: 


Color, 
ASTM D1500-98, 
ASTM units maximum: 


Neutralization Number (acidity), 
ASTM D974-97 
mg KOH/g maximum: 


Water Content, 
ASTM D1533-96 
mg/kg maximum °: 


Oxidation Inhibitor Content when specified, 
ASTM D2668-96 

Type I oil, % maximum: 

Type I oil, % minimum: 

Type II oil, % maximum: 

Type II oil, % minimum: 


Corrosive Sulfur, 
ASTM D1275-96a Not Corrosive 
Relative Density (specific gravity), 
ASTM D1298-85 (1990) 
15°C/15°C maximum: 0.91 


* Qil dielectric testing in accordance with ASTM D877 has been replaced by ASTM D1816 in 
this Table. See Clause 5.2.1. 
Alternate measurements of 0.04 inch and 0.08 inch respectively for gaps. 
This value is more stringent than the ASTM D3487-00 requirement. 
Equivalent measurement is parts per million, ppm 
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Table 2 - Test Limits for New Mineral Insulating Oil Received in New Equipment, Below 
230 kV, Prior to Energization 


Value for Voltage Class 


Test and Method < 69kV > 69 - <230 kV 
Dielectric strength °, 
ASTM D1816-97, 
kV minimum, 
1 mm gap?: 25 30 
2 mm gap?: 45 52 
Dissipation Factor (power factor), 
ASTM D924-92, 
25 °C, % maximum: 0.05 0.05 
100 °C, % maximum: 0.40 0.40 
Interfacial Tension, 
ASTM D971-99, 
mN/m minimum: 38 38 
Color, 
ASTM D1500-98, 
ASTM units maximum: 1.0 1.0 


Visual Examination, 
ASTM D1524-94 (1999): 


Neutralization Number (acidity), 
ASTM D974-97, 
mg KOH/g maximum: 


Water Content, 
ASTM D1533-96, 
mg/kg maximum‘: 


Oxidation Inhibitor Content when specified, 
ASTM D2668-1996, 

Type I oil, % maximum: 

Type I oil, % minimum: 

Type II oil, % maximum: 

Type II oil, % minimum: 


Oil dielectric testing in accordance with ASTM D877 has been replaced by ASTM D1816 in this Table, see Clause 
52:1. 

Alternate measurements of 0.04 inch and 0.08 inch respectively for gaps. 

This value is more stringent than the ASTM D3487-00 requirement. 

Equivalent measurement is parts per million, ppm 


° 


4.4 New Oil Properties - After Filling into New Equipment Rated at 230 kV or Higher 


Prior to filling equipment rated 230 kV and above with mineral insulating oil at the installation site, 
manufacturers generally require rigorous processing of the oil to remove all moisture, particulate matter, 
and gas that dissolved during shipment. The object is to fill high-voltage equipment with oil that contains 
the very least amount of particulate (see also IEEE 62-1995) material and water, recognizing that a slight 
reduction in quality due to contact with the equipment insulation and other materials will occur. In this 
procedure, oil samples are taken after the oil enters into the electrical equipment. 
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When mineral insulating oil is received in bulk shipping containers, it is processed according to the 
instructions of the manufacturer and then introduced into the equipment. Table 3 contains test limits that 
ensure that the insulating oil, in equipment after the processing and standing time before energization, is 
dry, contains no excess particulate matter, and contains a minimum amount of dissolved gas. 


Table 3 - Test Limits for New Mineral Insulating Oil Processed for Equipment, 230 kV 
Class and Above, Prior to Energization 


Value for Voltage Class 
2230 kV -<345kV | 345 kV and above 


Test and Method 


Dielectric strength. 
ASTM D1816-97, 
kV minimum, 
1 mm gap*: 32 35 
2 mm gap*: 55 60 


Dissipation Factor (power factor), 
ASTM D924-92, 
25 °C, % maximum: 0.05 0.05 
100 °C, % maximum: 0.30 0.30 


Interfacial Tension, 
ASTM D971-99, 


mN/m minimum: 38 38 
Color, 
ASTM D1500-98, 

ASTM units maximum: 1.0 0.5 


Visual Examination, 


(1998): 


Manufacturer’s 
Requirements c° 


ASTM D1524-94 (1999): Bright and clear Bright and clear 
Neutralization Number (acidity), 
ASTM D974-97, 

mg KOH/g maximum: 0.015 ° 0.015 ° 
Water Content, 
ASTM D1533-96, 

mg/kg maximum *: 10 10 
Total Dissolved Gas ASTM D2945-90 0.5% or per 0.5% or per 


Manufacturer’s 
Requirements ° 


2 


Alternate measurements of 0.04 inch and 0.08 inch respectively for gaps. 

This value is more stringent than the ASTM D3487-00 requirement. 

This value should be obtained from a sample collected 24 to 48 hours after the transformer is filled, and applies 
only to transformers with diaphragm conservator systems. 

Equivalent measurement is parts per million, ppm 


° 


4.5 Percent Saturation of Water in Mineral Oil (see also clause on Saturation of Water in Oil in IEEE 
62-1995) 


The quantity of dissolved and dispersed water in insulating fluids is significant for two reasons. The 
presence of polar water molecules in the fluid adversely affects the dielectric properties of the fluid, and 
the amount of moisture in the oil can be reflective of the amount of moisture in the paper insulation. The 
solubility of water in a dielectric fluid is temperature dependent, so a statement regarding mg/kg of water 
in the oil without temperature information would not be adequate. The calculation of the percent water 
saturation, (mg/kg Water/mg/kg of water at saturation) x 100, has a greater significance as it indicates the 
possibility of free water formation in the oil. Free water in the oil results in unacceptable dielectric 
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strength values. Water partitions between paper insulation and oil. This partition coefficient is 
temperature dependent so the water will move between the paper insulation and the oil as the temperature 
changes. For example, if the temperature increases, movement of water is from the paper to the oil. This 
increase in water content of the oil will increase the percent saturation and could result in free water 
formation, should the temperature of the oil decrease rapidly. Table 4A provides general guidelines for the 
interpretation of data expressed in percent saturation. 


The following is an example of determining the percent saturation of water in mineral oil (Taken from 55" 
Annual Conference of Doble Clients — 1988 Vol, Section 10-9.1. Authors are Paul Griffen, C.M. Bruce 
and J.D. Christie): 

1. Logio So = (-1567/T) + 7.0895 


Where Sp = solubility of water in mineral oil 
T = absolute temperature in Kelvin 


2. % Saturation = 100(mg/kg of water/ So) 


Example: Water Content = 11 mg/kg 
Temperature of top oil = 30°C 


Logio So = (-1567/303) + 7.0895 = -5.1716+7.0895 = 1.9179 
So = 82.775 


% Saturation = 100(11/ 82.775) = 13% 


Table 4A — General Guidelines for Interpreting Data Expressed in Percent Saturation 


Percent Saturation 
Water-In-Oil Condition of Cellulosic Insulation* 


Moderate — Wet, Low numbers indicate fairly dry to moderate levels 
of water in the insulation. Values toward the upper limit indicate 


Wet insulation 


Extremely wet insulation 


* from IEEE Std 62-1995 


Table 4B illustrates conditions of moisture content in an operating unit. 
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Table 4B - Recommended Maximum Limit of Water Content in Mineral Insulating Oil of 


Operating 


Gas Blanketed, Sealed, or Diaphragm Conservator Transformers * 


Average Oil Temperature 


< 69kV 
>69 -<230kV 
230 kV and greater 


Suggested Maximum Water Contents in mg/kg and 
Percent Saturation ? 


The above data is from sealed transformers and may also apply to free breathing type transformers. 
Calculated from formulas | and 2 in Clause 4.4 from Doble. 
Equivalent measurement is parts per million, ppm 


Notes: 
1. 
Di 


These values are by necessity approximate, but are adequate for maximum water in oil guides. 

The oil sample should, if practical, be taken when the load and oil temperatures have been relatively constant 
for 48 hours. The intent is to obtain a sample when the moisture content in the transformer is close to 
equilibrium. If the load and/or ambient are variable, the oil temperature can be maintained relatively constant 
by controlling the amount of cooling in operation. If you are confident that the temperature gauges are in 
calibration then record the top oil temperature at the time that the sample is taken. For ONAN and ONAF 
ratings, subtract 10°C from the top oil to obtain the average oil temperature. If you are unsure of the gauge 
accuracy, record the actual sample temperature and add 5°C to approximate the average oil temperature. 

The above values are based on the following approximate % by weight of water in insulation values (See also 


IEEE 62-1995): 

a. S$69kV 3% Maximum 

b. >69-<230kV 2% Maximum 

c. 230kV and greater 1.25% Maximum 
4. Saturation values (mg/kg) at 100% saturation: 


a. 50°C 175 
b. 60°C 245 
c. 70°C 335 


4.6 Mixtures of Mineral Insulating Oil 


Although conventional mineral oils from different suppliers may differ in their characteristics, these oils, as 
well as blends of these oils, should all meet the specifications of ASTM D3487-00. 


Although mineral insulating oil is miscible with some types of less flammable and nonflammable dielectric 
liquids, it is advisable to use dedicated processing and handling systems for each different type of fluid in 
order to avoid even traces of cross-contamination, particularly even trace contamination between petroleum 
based, and non-petroleum based fluids. 


Mixtures of less flammable or nonflammable dielectric fluids with conventional mineral insulating oil will 
alter the flammability characteristics of the less flammable fluid. Differences in the dielectric constant of 
the fluids may cause localized voltage stresses in equipment. It is undesirable to mix different types of 
dielectric fluids. 


4.7 Sampling 


Accurate sampling methods are extremely important due to their effect on the reliability of the test results 
for the sampled oil. Careless sampling procedures will result in contamination of the sample. This will 
lead to erroneous conclusions concerning the quality of the oil. In order to minimize the possibility of 
obtaining a non-representative sample, the procedures and precautions outlined in the latest revision of 
ASTM D923-97, and or D3613-98 should be followed. 


Caution should be taken when extracting an oil sample from energized equipment. Taking samples from 
equipment under negative pressure (vacuum) may cause an air bubble to be drawn into the tank. If this 
occurs, it can cause catastrophic failure and death. 
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5. Oil Tests and Their Significance 


There are many established ASTM tests of practical significance that can be applied to insulating oil. Some 
of these tests are more applicable to new oils than to service-aged oils; some are more useful in the analysis 
of service-aged oils than oils received in new condition, particularly trace contamination between 
petroleum based and non-petroleum based fluids. 


Table 5 - Pertinent ASTM Tests for Mineral Insulating Oil 


Clause Test ASTM Method Number 
5.1 Physical Tests 

5.1.1 Aniline Point D611-82 (1998) 

5.1.2 Color D1500-98 

5.1.3 Flash and Fire Points D92-98a 

5.1.4 Interfacial Tension D971-99 
D2285-99 

5.1.5 Pour Point D97-96a 

5.1.6 Relative Density (Specific Gravity) D1298-85 (1990) 

5.1.7 Viscosity D88-94 
D445-97 
D2161-93 

5.1.8 Visual Examination D1524-94 (1999) 

5.2 Electrical Tests 

5.2.1 Dielectric Breakdown Voltage D877-87 (1995) 
D1816-97 

5.2.2 Dielectric Breakdown Impulse Voltage D3300-94 

5.2.3 Dissipation Factor (Power Factor) D924-92 

5.2.4 Gassing of Insulating Oils Under D2300-98 


Electrical Stress and Ionization 


5.3 Chemical Tests 


5.3.1 Gas Content D2945-90 (1998) 
D3284-99 
D3612-96 
5.3.2 Polychlorinated Biphenyls D4059-96 
5.3.3 Corrosive Sulfur D1275-96a 
5.3.4 Neutralization Number (Acidity) D664-95 
D974-97 
53:5 Oxidation Inhibitor Content D2668-96 
D4768-96 
5.3.6 Oxidation Stability (Inhibited oil only, D2112-95 
BOMB) 
Oxidation Stability D2440-99 
5.3.7 Water in Insulating Liquids D1533-96 
5.3.8 Furans in Insulating Liquids D5837-95 


Each of the tests listed and their significance are described in the following subsections. The number 
following the name of the test is the number of the ASTM standard method. 
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5.1 Physical Tests 
5.1.1 Aniline Point — ASTM D611-82-(1998) 


The aniline point (temperature) of a mineral insulating oil indicates the solvency of the oil for some 
materials that are in contact with the oil. A high aniline point indicates a lower degree of aromaticity and a 
lower solvency for some material (rubber, for example). 


5.1.2. Color - ASTM D1500-98 


Insulating oil should have a light color and be optically clear so that it permits visual inspection of the 
assembled apparatus inside the equipment tank. Any change in the color of an oil over time is an 
indication of deterioration or contamination of the oil. 


5.1.3 Flash and Fire Points - ASTM D92-98a 


The flash point of an oil is the temperature to which the material must be heated (under prescribed 
conditions of test) in order to give off sufficient vapor to form a flammable mixture with air. The fire point 
is the temperature that provides sufficient oil vapors to ignite and sustain a fire for 3 seconds (under the 
same test conditions). A low flash point indicates the presence of volatile combustible contaminants in the 
insulating oil. 


5.1.4 — Interfacial Tension - ASTM D971-99a, ASTM D2285-99 


This method covers the measurement, under nonequilibrium conditions, of the surface tension that an 
insulating fluid maintains against water. Interfacial tension is a measurement of the forces of attraction 
between molecules of the two fluids. It is expressed in millinewtons per meter (mN/m). The test is an 
excellent means of detecting oil-soluble polar contaminants and oxidation products in insulating oils. 


5.1.5 Pour Point - ASTM D97-96a 


The pour point is the temperature at which oil ceases to flow under prescribed testing conditions. The pour 
point has little significance as a test for contamination or deterioration of the oil. It may be useful for oil 
identification and determination of suitability for a particular climate. 


5.1.6 Relative Density (Specific Gravity) - ASTM D1298-85 


The relative density of oil is the ratio of the weights of equal volumes of the oil and water, tested at 15°C. 
The relative density is significant in determining the suitability for use in certain applications, in cold 
climates, ice may form in equipment exposed to temperatures below freezing. When considered along with 
other oil properties, relative density can be an indicator of the quality of the oil. 


5.1.7. Viscosity - ASTM D88-94, ASTM D445-97, ASTM D2161-93 (1999) 


The viscosity of insulating oil is measured by timing the flow of a known volume of oil through a 
calibrated tube. Viscosity is not significantly affected by oil contamination or deterioration, but may be 
useful for identifying certain types of service-aged insulating oils. Viscosity has an important influence on 
the heat transfer characteristics of oil. High viscosity decreases the cooling efficiency of the oil. High 
viscosity will also affect the movement of parts in electrical equipment, such as circuit breakers, 
switchgear, tap changers, pumps, and regulators. Viscosity is a factor in determining the conditions for oil 
processing and cellulose impregnation time. 


5.1.8 Visual Examination - ASTM D1524-94 (1999) 


This test indicates the color and degree of turbidity of oil, which may indicate the presence of free water or 
contaminating solid particles. The source of insoluble solid contaminants may be determined by filtrating 
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the particles and examining them. This test may be used to suggest the need for additional laboratory tests, 
as it may permit a determination of whether the sample should be sent to a central laboratory for a full 
evaluation. 


5.2 Electrical Tests 
5.2.1 Dielectric Breakdown Voltage - ASTM D877-87 (1995), ASTM D1816-97 


The dielectric breakdown voltage of insulating oil is a measure of its ability to withstand voltage stress 
without failure. It is the voltage at which breakdown occurs between two electrodes under prescribed test 
conditions. The test serves primarily to indicate the presence of electrically conductive contaminants in the 
oil, such as water, dirt, moist cellulosic fibers, or particulate matter. A high dielectric breakdown voltage 
does not indicate the absence of all contaminants, however. 


The electrodes in D877 are thin flat disks, which are not representative of the electrodes in transformers. 
Although the rounded electrodes in D1816 do not duplicate the characteristics of insulated electrodes in 
transformers, they more closely approximate transformer applications. However, the D1816 electrodes are 
more responsive to particles and dissolved water in oil, both of which are detrimental to the electrical 
strength of oil in transformers. Therefore, D1816 test results furnish a better evaluation of changes that 
may occur in the oil from transformers. 


Two methods are recognized for measuring the dielectric breakdown voltage of insulating oils: 


1. ASTM D877-87 (1995) is recommended for the routine acceptance of new, unprocessed oil from a 
supplier for use in circuit breakers. This test method uses thin flat-faced cylindrical electrodes with 
a 2.5 mm gap. The sensitivity of this method, to the general population of contaminates present in a 
liquid sample, decreases as applied test voltages used in this method become greater than 25 kV 
rms. 


2. ASTM D1816-97 is recommended for testing fluid that is being processed into transformers or 
contained in transformers and load tap changers. This method uses spherically shaped electrodes. 
The fluid sample is circulated continuously in the test cell throughout the test. The gap distance 
standard settings are | mm and 2 mm. 


5.2.2 Dielectric Breakdown Impulse Voltage - ASTM D3300-94 


This test method is most commonly performed using a negative polarity point opposing a grounded sphere 
(NPS). The NPS breakdown voltage of fresh unused oils measured in the highly divergent field in this 
configuration depends on oil composition; decreasing with increasing concentration of aromatic, 
particularly polyaromatic, hydrocarbon molecules. 


This test method may be used to evaluate the continuity of composition of oil from shipment to shipment. 
The NPS impulse breakdown voltage of oil can also be substantially lowered by contact with materials of 
construction, by service aging, and by other impurities. Test results lower than those expected for a given 
fresh oil may also indicate use or contamination of that oil. 


Although polarity of the voltage wave has little or no effect on the breakdown strength of oil in uniform 
fields, polarity does have a marked effect on the breakdown voltage of oil in nonuniform electric fields. 


Transient voltages may also vary over a wide range in both the time to reach crest value and the time to 
decay to half crest or to zero magnitude. The IEEE standard lightning impulse test specifies a 1.2 by 50-us 
negative polarity wave. 
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5.2.3. Dissipation Factor (Power Factor) - ASTM D924-92 


The dissipation factor is a measure of the power lost when an electrical insulating liquid is subjected to an 
ac field. The power is dissipated as heat within the fluid. A low-value dissipation factor means that the 
fluid will cause little of the applied power to be lost. The test is used as a check on the deterioration and 
contamination of insulating oil because of its sensitivity to ionic contaminants. 


5.2.4 Gassing of insulating Oils Under Electrical Stress and Ionization - ASTM D2300-98 


This test measures whether insulating oils are gas absorbing or gas evolving when subjected to electrical 
voltage. For certain applications, when insulating oils are stressed at high voltage gradients, it is desirable 
to know the rate at which gas is absorbed or evolved from the oil. The absorption or evolution of gas by a 
liquid under electrical stress is a function of the aromatic character of the liquid molecules. Liquids that 
are significantly aromatic in character will absorb gas as they are electrically stressed. Liquids that have 
little or no aromatic character will evolve hydrogen gas upon application of an electrical voltage. At the 
present time, however, correlation of these test results with equipment performance is limited. Numerical 
results obtained in different laboratories or by using two different procedures may differ significantly in 
magnitude, and the results of this method should be considered qualitative in nature. 


5.3. Chemical Tests 
5.3.1 | Gas Content—ASTM D2945-90 (1998), ASTM D3284-99, ASTM D3612-96 


The gas content of an insulating fluid may be defined as the volume of dissolved gas per 100 volumes of 
oil, at standard pressure and temperature. Some types of equipment require the use of electrical insulating 
liquids of low gas content. In filling electrical apparatus, a low gas content reduces foaming and also 
reduces the available oxygen, thereby increasing the service life of the insulating oil. 


The amount and kind of gases dissolved in oil can be used as a tool to aid in detecting and diagnosing 
faults and abnormal operating conditions in equipment. 


The test is not intended for use in purchase specifications because the oil is customarily degassed 
immediately prior to use. The test can be used, however, as a factory control test and is more useful in 
evaluating the health of the transformer equipment. Overheating or arcing within the transformer will 
generate combustible and noncombustible gasses that will be dissolved in the oil. For Dissolved Gas 
Analysis, reference IEEE C57.104-1991 for further recommendations. 


5.3.2 Polychlorinated Biphenyls (PCBs) - ASTM D4059-96 


United States regulations require that electrical apparatus and electrical insulating fluids containing PCBs 
be handled and disposed of through the use of specific procedures. The procedure to be used for a 
particular apparatus or quantity of insulating fluid is determined by the PCB content of the fluid. The 
results of this analytical technique can be useful in selecting the appropriate handling and disposal 
procedures, refer to Title 40 Code of Federal Regulations Part 761. 


5.3.3 Corrosive Sulfur—ASTM D1275-96a 


This test is designed to detect the presence of free sulfur and combined corrosive sulfur by how the liquid 
affects polished copper strips in prescribed conditions. The test indicates the possibility of corrosion inside 
of electrical equipment resulting from the presence of sulfur-containing compounds. The source of sulfur 
present in insulating oil is usually the crude oil from which it is refined. The sulfur may come from rubber 
hoses used for oil processing or from replacement gasket materials. 


Copyright © 2002 IEEE. All rights reserved. 
This is an unapproved IEEE Standards Draft, subject to change. 22 


TEEE PC57.106/D7 


5.3.4 Neutralization Number (Acidity) - ASTM D664-95, ASTM D974-97 


The neutralization number of an electrical insulating liquid is a measure of the acidic components of that 
material. In new oil, any acid present is likely residual from the refining process. In a service-aged liquid, 
the neutralization number is a measure of the acidic byproducts of the oxidation of an oil. The 
neutralization number may be used as a general guide for determining when oil should be reprocessed or 
replaced. ASTM D974-97 is the traditional color-change indicator method of titrating the acids with a mild 
(0.1 N) KOH solution. ASTM D664-95 is a potentiometric titration method. On some service-aged 
liquids, the color may be so dark as to impair the ability of the technician to determine the indicator color 
change in ASTM D974-97, so ASTM D664-95 is used instead. The correlation between these two 
methods, however, has not been established. 


5.3.5 Oxidation Inhibitor Content - ASTM D2668-96 by infrared spectrophotometry, ASTM D4768-96 
by gas chromatography 


There are two synthetic oxidation inhibitors commonly used in dielectric fluids. They are 2-6 ditertiary- 
butyl phenol (DBP) and 2-6 ditertiary-butyl para-cresol (DBPC). Their use provides added resistance to 
oxidation in systems that are partially or wholly exposed to air. The effectiveness of the oxidation inhibitor 
depends a great deal on the type of crude oil from which the insulating oil came. Certain new oils may 
contain naturally occurring antioxidant substances that may yield a false-positive indication in this test. 


5.3.6 | Oxidation Stability, Inhibited only, (BOMB) - ASTM D2112-95, ASTM D2440-99 


Oxidation Stability - ASTM D2112-95. This test method is a rapid test for evaluating the oxidation 
stability of a new mineral insulating oil that contains the synthetic oxidation inhibitor 2-6 DBPC or 2-6 
DBP. The test measures the length of time required for the oil sample to react with a given volume of 
oxygen when a sample of oil is heated and oxidized under test conditions. 


Oxidation Stability - ASTM D2440-99. This test method determines the resistance of mineral insulating 
oils to oxidation under prescribed accelerated aging conditions. Oxidation stability is measured by the 
propensity of oils to form sludge and acid products during oxidation. This test method is applicable to new 
oils, both inhibited and uninhibited. 


5.3.7. Water in Insulating Liquids: Karl Fischer Method - ASTM D1533-96 


Water may be present in insulating liquids in several forms. The presence of free water may be indicated 
by visual examination. The oil will appear cloudy or separated water drops will be seen, probably on the 
bottom surface. The presence of free water can be remedied by filtration or other means. Dissolved water 
cannot be detected visually and is normally quantified by physical or chemical means. Dissolved water 
may affect the dielectric breakdown of insulating oil, however, its significance is determined by several 
factors including the percent of moisture saturation, and the amount and type of contaminates. The method 
cited is suitable for the determination of water in insulating oil, and, depending upon conditions of sample 
handling and methods of analysis, can be used to estimate total water as well as dissolved water in 
insulating oil. The units of measure of water are mg/Kg. New insulating oil received from the 
manufacturer normally contains less than 25 mg/kg moisture. New insulating oil should be tested for 
moisture content. If necessary, applicable measures should be taken to avoid introducing high moisture- 
content oil into electrical equipment. 


5.3.8 Furans in Insulating Liquids - ASTM D5837-95 


Furanic compounds are generated by the degradation of cellulosic materials used in the solid insulation 
systems of electrical equipment. Furanic compounds which are oil soluble to an appreciable degree will 
migrate into the insulating liquid. The presence of high concentrations of furanic compounds is significant 
in that this may be an indication of cellulose degradation from aging or incipient fault conditions. Testing 
for furanic compounds by High-Performance Liquid Chromatography (HPLC) may be used to complement 
dissolved gas in oil analysis as performed in accordance with ASTM D3612-90 test method. 
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6. Handling and Storage 


It is not intended that the recommendations given in this guide supersede US federal, or local regulations 
concerning storage, handling, or spill cleanup of insulating liquids. 


6.1 Tanks 


Direct transfer of the oil from on-site delivery containers into equipment, while recommended, is not 
always practical if the oil being delivered is to be tested before transfer into the equipment. It may be 
necessary, therefore, to store the oil in storage tanks temporarily. In these instances, all tanks should 
conform to applicable federal and local standards and codes. Tanks should be equipped with at least one 
manhole. The interior of the tanks should be sandblasted, primed, and coated with a coating that is 
compatible with insulating fluids. Storage tanks should be equipped with drains situated to allow complete 
emptying of the tank, and with either a desiccant breather or a dry gas blanket. Such tanks are often coated 
internally to prevent rust. Before use, storage tanks should be thoroughly cleaned, wiped dry with clean 
rags, and flushed with clean insulating oil. 


Collapsible or rubber fabric tanks may be used for short-time storage. Care should be taken to ensure that 
they are cleaned and thoroughly drained before filling with insulating oil. It is recommended that 
insulating oil not be held for more than three months in temporary storage tanks. Where that is 
unavoidable, tanks should be equipped with a dry inert (nitrogen) gas system with which to blanket the oil. 


6.2 Oil Quality Protection in Storage 


All storage tanks should be equipped with a dry nitrogen gas supply or a desiccant vent dryer to minimize 
the introduction of moisture into the tank. Proper maintenance of the desiccant is essential. 


The desiccant should be protected from outside contaminants and entry into the transformer. Filtration of 
the incoming air will prevent introduction of airborne particulate materials into the fluid during storage. 


6.3. Dikes and Curbs 


Tanks for storage of insulating oil may be surrounded by dikes or curbs sufficient to contain the entire 
volume of oil in the tank should a spill occur. Refer to Title 40 Code of Federal Regulations Part 112.7 for 
spill prevention control and counter-measures (SPCC). 


6.4 Processing Oil for Installation in Apparatus 


See C57.93-1995, IEEE Guide for Installation of Liquid Immersed Power Transformers. Processing 
systems consist of oil dehydration, degassifying, and filtration. The user should be advised that static 
charges can develop when insulating oil flows in pipes, hoses, and tanks. Oil leaving a filter press may be 
charged to a high potential. To accelerate dissipation of the charge in the oil, ground and bond together the 
filter press, the piping, the equipment tank, and all bushings or the winding leads during oil flow into any 
tank. Conduction through oil is slow; therefore, it is desirable to maintain these grounds for at least an 
hour after the oil flow has been stopped. Remove any explosive gas mixture from any container into which 
oil is flowing. Arcs can occur from the free surface of the oil even though the previous grounding 
precautions have been taken. 


Equipment used for handling mineral insulating oils should be dedicated for that use, as these oils are very 
sensitive to contamination. Although mineral insulating oils may be miscible with other types of dielectric 
fluids, it is advisable to use dedicated processing and handling systems for each different type of fluid. See 
subclause 4.5. 


Before filling the electrical apparatus, a vacuum may be drawn on its tank. All insulating oil transfer lines 
should be flushed through with clean, processed oil. During the filling operations, flow rates should be 
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controlled to the value specified by the manufacturer. The vacuum held on the tank should not exceed the 
design strength specified by the manufacturer. 


The filling process may be varied to suit the capabilities of the equipment used and the recommendations 
of the manufacturer. Filling procedures used should comply with those that are recommended by the fluid 
and the equipment manufacturers in order to maintain eligibility of the equipment warranty. 


7. Classification of Service-Aged Insulating Oil 
7.1. General 


This subject is treated in greater detail in IEEE Std 637-1985 (1992). It is not practical to indicate the 
value of specific tests and recommended test limits for all of the possible existing applications of insulating 
oil in service. It should be recognized that, with the present state of knowledge, no single test can be used 
as the sole criterion to estimate the condition of service-aged oil. It is, possible, however, to summarize the 
value and importance of the current tests and to suggest methods of treatment for the oil being examined. 
Oils in service may be placed in the following classifications, based upon the composite evaluation of 
significant characteristics. 


7.2 Classification 
7.2.1 Class I 
This group contains oils that are in satisfactory condition for continued use. 


Suggested test limits by voltage class for Class I oils in electrical equipment to remain in continued service 
are given in Table 6. It is not intended that an oil be removed from service when a single property limit is 
exceeded or that the oil be left in service until all property values are outside the stated limits. It is difficult 
to quantify the risk of failure while in service with particular test values. The limits from Table 6 below 
are intended to provide reference points for further evaluation and testing. Each case should be examined 
individually, and the advice of the manufacturer may be considered. 


T22 Class II 


This group contains oils that do not meet the dielectric strength and/or water content requirements of Table 
6 and should be reconditioned by filter pressing or vacuum dehydration. 


7.2.3 Class II 


This group contains oils in poor condition that should be reclaimed using Fuller’s Earth or an equivalent 
method. 


Oils that do not meet the interfacial tension (IFT), Dissipation Factor, and Neutralization number limits 
provided in Table 6 should be reclaimed. Oils should not be allowed to deteriorate such that the IFT is 
below 18, or to a point where oxidation inhibitor content is depleted. Under such conditions considerably 
greater effort (i.e. more passes of treatment) is required. 


For information and advice concerning the different techniques of reconditioning and reclaiming service- 
aged mineral insulating oils, refer to IEEE Std 637-1985 (1992). Reconditioning or reclamation of mineral 
oils containing PCBs can be a violation of environmental regulations. 
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Table 6 - Suggested Limits for Continued Use of Service-Aged Insulating Oil (Grouped by 
Voltage Class) 


See Also IEEE Std 62-1995 


IEEE Value for Voltage Class 


Test and Method <69 kV >69 - <230 kV | 230 kV and above 


Dielectric strength °, 
ASTM D1816-97, 
kV minimum, 
1 mm gap’: 23 28 30 
2 mm gap’: 40 47 50 


Dissipation Factor (Power Factor) *, 
ASTM D924-92, 
25 °C, % Maximum 0.5 0.5 0.5 
100 °C, % Maximum 5.0 5.0 5.0 


Interfacial Tension, 
ASTM D971-99, 
mN/m minimum: 25 30 32 


Neutralization number (acidity), 
ASTM D974-97, 
mg KOH/g maximum: 0.20 0.15 0.10 


Water Content: Refer to Table 4B 


Oxidation Inhibitor Content, 
ASTM D2668-96, 
Type II oil: 0.09% Minimum, if in Original Oil 


* Older transformers with inadequate oil preservation systems or maintenance, may have lower values. 
Alternate measurements of 0.04 inch and 0.08 inch respectively for gaps. 


8. Insulating Oil for Circuit Breakers 
8.1 General 


The requirements of insulating oil used in circuit breakers, as distinguished from insulating oil used in 
transformers, are uniquely different. Modern oil circuit breakers require low viscosity and low pour-point 
oil since a large percentage of them are used outdoors and, in many cases, at low temperatures. It should 
be noted that all circuit breakers are “free breathing” (open to the atmosphere through a breathing device). 
This does not prevent the admittance of humid air to the device. In the case of older oil circuit breakers 
where the use of higher viscosity oil is deemed necessary, caution and judgment must be exercised. The 
resultant effects of oil mixing and the addition of oxidation inhibitors upon thermal characteristics must be 
considered. 


Reconditioning of circuit breaker oil is conducted in the same manner as transformer oil. The presence of 
dissolved heat and arc by-products is a significant problem in circuit breakers. In most transformers these 
products should not be present. Oil circuit breakers are usually designed with higher dielectric margins 
and thermal capacities compared to a transformer. In oil circuit breakers, by-products are created when the 
circuit breaker operates. These by-products, combining with moisture and oxygen in the breaker oil, will 
contribute to reduced dielectric strength in the circuit breaker. The accumulation of these substances 
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results in the need for cleaning the breaker and reconditioning of the oil. For guidance in the application of 
circuit breakers, see IEEE C37.010-79 (1988). 


8.2 Testing 


Testing methods for circuit breaker oils are the same as those used for insulating oils. Samples are taken in 
the same manner as for insulating oil, at specified intervals, varying from a few months to annually. Some 
of the established ASTM tests applicable to mineral insulating oils are more significant to transformers 
than to circuit breakers, since a circuit breaker is essentially a free-breathing device that operates at 
ambient temperature. 


8.2.1 | New Oil Properties-As Refined 


New mineral insulating oils as received from the supplier must conform to certain qualifying functional 
requirements listed in ASTM D3487-00. 


8.2.2 Test Limits: Shipments of New Mineral Insulating Oil 

When mineral insulating oil meeting the property requirements of ASTM D3487-00 is received in the field 
for installation in circuit breakers, it should be checked for certain key values that may be affected by 
shipment and storage. These values are shown in Table 7. Some users may wish to perform additional 
tests outlined in ASTM D3487-00; however, as a minimum, the tests listed in Table 7 should be performed. 
Viscosity [12 cSt (12 mm’/s) maximum at 40 °C] ASTM D445-97 and pour point (-40 °C, maximum) 
ASTM D97-96a should be checked in cold climates to ensure that the oil does not interfere with the free 
operation of the equipment. 


8.2.3. New Oil Properties-Oil Shipped in New Equipment 


Oil circuit breakers are normally shipped from the factory without oil in the tank(s). New oil is processed 
on-site and the equipment is filled with the oil. In cases such as these, refer to Table 8. 


8.2.4 New Oil Properties-Prior to Energizing 

When mineral insulating oil is received in bulk shipping containers, it is processed according to the 
instructions of the manufacturer and then introduced into the equipment. Table 8 gives test limits for 
mineral circuit breaker insulating oil after being processed, placed in equipment, and allowing for standing 
times before energizing. 


8.2.5. Service-Aged Oil Properties 


Suggested limits for continued use of service-aged circuit breaker oils are shown in Table 9. 
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Table 7 - Test Limits for Shipments of New Mineral Insulating Oil for Circuit Breakers 


Test and Method Suggested Limit 


Dielectric Strength, 

ASTM D1816-97 °, 
kV minimum, 
1 mm, gap”: 20 
2 mm, gap”: 35 


Dissipation Factor (power factor), 
ASTM D924-92, 
25 °C , % maximum: 0.05 
100 °C, % maximum: 0.30 
Interfacial Tension, 
ASTM D971-99, 
mN/m minimum: 4 


Color, 
ASTM D1500-98, 
ASTM units maximum: 0.5 


Visual Examination, 
ASTM D1524-94 (1999): Bright and clear 


Neutralization Number (acidity), 
ASTM D974-97, 
mg KOH/g maximum: 


Water Content, 
ASTM DI1533-96, 
mg/kg maximum ‘*: 


* Gil dielectric testing in accordance with ASTM D877 has been replaced by ASTM D1816 in this Table. See Clause 5.2.1. 


b 


c 


Alternate measurements of 0.04 inch and 0.08 inch respectively for gaps. 
Equivalent measurement is parts per million, ppm 


4 The value of water content is more stringent than the ASTM D3487-00 requirement. 
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Table 8 — Test Limits-New Circuit Breaker Insulating Oil after Processing and Filling, 
Immediately Prior to Energizing 


Test and Method Suggested Limit 


Dielectric Strength, 
ASTM D1816-97, 
kV minimum, 
1 mm, gap*: 


2 mm, gap*: 2 


Dissipation Factor (Power factor), 
ASTM D924-92, 
25 °C , % maximum: 


60 
Interfacial Tension, 
ASTM D971-99, 
mN/m minimum: 
35 


Color, 
ASTM D1500-98, 
ASTM units maximum: 


Visual Examination, 
ASTM D1524-94 (1999): Bright and clear 


Neutralization Number (acidity), 
ASTM D974-97, 
mg KOH/g maximum: 


Water Content, 
ASTM DI1533-96, 
mg/kg maximum: 


Alternate measurements of 0.04 inch and 0.08 inch respectively for gaps. 


? Equivalent measurement is parts per million, ppm 
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Table 9 - Suggested Limits for Continued Use of Service-Aged Circuit Breaker Insulating 
Oil 


Test and Method Suggested Limit 


Dielectric Strength, 
ASTM D877-87 (1995), 
kV minimum: 25 


Dielectric Strength, 
ASTM D1816-97, 
kV minimum, 
1 mm, gap*: 
2 mm, gap*: 


Dissipation Factor (Power factor), 


ASTM D924-92, 
25 °C, % maximum: 


Interfacial Tension, 
ASTM D971-99, 
mN/m minimum: 


Color, 
ASTM D1500-98, 
ASTM units maximum: 


Visual Examination, 
ASTM D1524-94 (1999): No excessive carbon in oil 


* Alternate measurements of 0.04 inch and 0.08 inch respectively for gaps. 


If additional tests are desired, they should be made in accordance with the guidelines given for insulating 
oil testing earlier in this guide. Some users of circuit breakers recondition or change their oils without 
testing them after a preset number of operations. 


8.3. Reconditioning 


The chief problem in circuit breaker oil maintenance is to keep the fluid free of water, arc decomposition 
products, and other contaminants. If visual examination shows the presence of these materials and the 
dielectric strength of the oil drops below an acceptable value, the oil can be reconditioned, provided it is 
free of chemical contaminants. The accepted means of reconditioning is by using blotter papers or paper 
cartridge filters. This subject is discussed in detail in IEEE Std 637-1985 (1992). 


9. Insulating Oil for Load Tap Changers (LTCs) 
9.1 General 


The requirements of insulating oils used in LTCs are comparable to those of insulating oils used in power 
transformers. For LTCs where oil is used for arc-quenching, the arcing at the arcing switch or arcing tap 
switch contacts causes contact erosion and carbonization of the arcing switch oil. The degree of 
contamination depends upon the operating current and step-voltage of the LTC, the number of operations 
and to some degree on the quality of the insulating oil (not relevant in case of LTCs with vacuum 
interrupters). 
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If the LTC is a “free breathing” design, the desiccant should be checked periodically to prevent the 
admittance of humid air. 


Maintenance and inspection intervals depend on the type of LTC, the LTC rated through-current, the field 
experience, and the individual operating conditions. They are suggested as periodic measures with respect 
to a certain number of operations or after a certain operating time, whichever comes first. The 
recommended maintenance intervals for an individual LTC type are given in the operating and inspection 
manuals available for each LTC type. In general, at inspections the oil will be reconditioned or changed. 


9.2 Testing Methods 

Testing methods for LTCs oils are the same as those used for insulating oils of power transformers. 
Samples are taken in the same manner and at the same intervals as for insulating oils used in power 
transformers. 


9.2.1. New Oil Properties — As Supplied 


New mineral insulating oils as received from the supplier must conform to certain qualifying functional 
requirements listed in ASTM D3487-00. 


9.2.2 Test Limits - Shipment of New Mineral Insulating Oil 

When mineral insulating oil meeting the qualifications of ASTM D3487-00 is received in the field for 
installation in LTCs, it should be checked for certain key values that may be affected by shipment and 
storage (see Table 1). Viscosity [12 cSt (12 x 10°m?/s) maximum at 40 °C] and pour point (-40°C, 
maximum) should be checked in cold climates (below —25 °C and above —40 °C) to ensure that the oil does 
not interfere with the free operation of the equipment. 


9.2.3. New Oil Properties — Oil Shipped in New Equipment 


LTCs are normally shipped from the factory without oil. If an LTC is filled with oil prior to shipping, refer 
to Table 10. 


9.2.4 New Oil Properties — Prior to Energizing 

When mineral insulating oil is received in bulk shipping containers, it is processed according to the 
instructions of the transformer manufacturer and then introduced into the equipment. Table 10 gives test 
limits for LTC mineral insulating oil after being processed, placed in equipment, and allowing for standing 
time before energizing. 

9.2.5 Service-Aged Oil Properties 

Suggested limits for continued use of service aged LTC oils are shown in Table 11. 


9.3 Reconditioning 


If the dielectric strength of the oil drops below the values given in Table 11, or the water content exceeds 
the values given in Table 11, the oil should be reconditioned or changed. 
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Table 10 - Test Limits of New Mineral Insulating Oil for Load Tap Changers, Prior to 
Energizing 


Test and Method Suggested Limit 


Dielectric Strength, 

ASTM D1816-97, 
kV minimum, 
1 mm, gap*: 35 
2 mm, gap*: 55 


Water Content, 
ASTM D1533-96, 
mg/kg maximum”: 10 
Corrosive Sulfur, 
ASTM D1275-96a: No Corrosive Sulfur in Oil 


* Alternate measurements of 0.04 inch and 0.08 inch respectively for gaps. 
b 


Equivalent measurement is parts per million, ppm 


Table 11 - Limits for Continued use of Service-Aged Insulating Oil for Load Tap Changers 


Suggested Limit 
Test and Method Neutral End <69kV | >69kV 


Dielectric Strength, 
ASTM D1816-97, 
kV minimum, 
1 mm, gap*: 20 25 28 
2 mm, gap*: 27 35 45 
Water Content, 
ASTM DI1533-96, 
mg/kg maximum”: 40 30 25 


Corrosive Sulfur, 
ASTM D1275-96a: No Corrosive Sulfur in Oil 


Alternate measurements of 0.04 inch and 0.08 inch respectively for gaps. 
Equivalent measurement is parts per million, ppm 


10. Health and Environmental Care Procedures for Mineral Insulating Oil 
10.1 Health Issues 


Users should obtain a Material Safety Data Sheet (MSDS) for each dielectric fluid in use. Where 
instructions differ from recommendations made here, the instructions of the manufacturer are to be 
followed. Although there is no special risk involved in the normal handling of insulating fluids addressed 
in this guide, attention should be focused to the general need for personal hygiene or the practice of 
washing skin and clothing that may have come in contact with insulating oil. Personnel should avoid 
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contact of the fluid with their eyes. When dielectric liquids have to be disposed of, certain precautions are 
necessary to comply with local, state, and federal requirements in the United States. These oils are 
generally classified as special, regulated or hazardous waste depending upon the individual state. The 
following procedures are not intended to supersede local, state, or federal regulations. 


Unless a PCB analysis has been performed, it is prudent to assume that the batch of oil contains PCBs and 
to act accordingly. The absence of PCBs in a volume of oil in or from a piece of equipment can be 
established only by analysis of that oil. 


10.2 Leaks and Spills 


During equipment inspection or servicing, routine checks should be made of the equipment and 
surroundings for leaks. Areas to check and repair should include valves, bushings, gauges, tap changers, 
welds, sample ports, manhole covers, pipe fittings, pressure relief valves etc. The user is referred to the 
IEEE Std 980-94. 


New transformer oil as received from a refiner is very unlikely to contain PCBs. However, many older 
transformers and other pieces of electrical equipment in service are filled with mineral insulating oil that 
contains PCBs. Since 1977, various Federal, state and local environmental regulations have governed the 
handling and processing of mineral oils containing PCBs. While these regulations can add substantially to 
the complexity of spill cleanup and disposal of oils, they should not be disregarded. 


10.2.1 Minor Spills 


Minor spills, such as those occurring in the manufacture or repair of equipment, can be cleaned using 
absorbent rags or other materials. 


10.2.2 Spills on Soil 


Soil acts as an absorbent and should not be allowed to become saturated with mineral insulating oil. Users 
should consult the applicable local, state, and federal guidelines in the United States for spills of mineral oil 
onto soil and the remedies available. Depending on state and local regulations, spills to soil may have to be 
reported to one or more regulatory agencies. 


10.2.3. Spills on Water 


Because mineral insulating oils float on water, a spill can be contained by using floating booms or dikes. 
Section 311 of the Federal Water Pollution Control Act* as amended, 33 U.S.C. 1251 et seq, also known as 
the Clean Water Act as found in Title 40 Code of Federal Regulations Part 110, imposes reporting 
requirements for petroleum oils that are spilled into navigable water ways. The requirement to report is 
triggered by the appearance of a sheen on the surface of the water. If a sheen is noted, the US Coast Guard 
must be notified, as well as the National Response Center. 


Once the mineral oil has been concentrated, it can be removed from the surface of the water by systems 
that are normally used for petroleum spills. These include pumps, skimmers, physical absorbents, and 
fibers that are fabricated into floating ropes. 


NOTE: If spilled mineral insulating oils are known or assumed to contain any concentration of PCBs, they must be treated as a PCB 
Containing Liquid. Also refer to the Spill Policy Guide of the Environmental Protection Agency (40CFR761.120). 
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